Manary, Micah; Saloojee, Haroon; and Manary, Mark J., ,"Supplementary feeding with either ready-to-use fortified spread or corn-soy blend in wasted adults starting antiretroviral therapy in Malawi: Randomised, investigator blinded, controlled trial." BMJ.338,7706. 1309BMJ.338,7706. -1311BMJ.338,7706. . (2009 Interventions Ready-to-use fortified spread (n=245) or corn-soy blend (n=246). Main outcome measures Primary outcomes: changes in BMI and fat-free body mass after 3.5 months. Secondary outcomes: survival, CD4 count, HIV viral load, quality of life, and adherence to antiretroviral therapy. Results The mean BMI at enrolment was 16.5. After 14 weeks, patients receiving fortified spread had a greater increase in BMI and fat-free body mass than those receiving corn-soy blend: 2.2 (SD 1.9) v 1.7 (SD 1.6) (difference 0.5, 95% confidence interval 0.2 to 0.8), and 2.9 (SD 3.2) v 2.2 (SD 3.0) kg (difference 0.7 kg, 0.2 to 1.2 kg), respectively. The mortality rate was 27% for those receiving fortified spread and 26% for those receiving corn-soy blend. No significant differences in the CD4 count, HIV viral load, assessment of quality of life, or adherence to antiretroviral therapy were noted between the two groups. Conclusion Supplementary feeding with fortified spread resulted in a greater increase in BMI and lean body mass than feeding with corn-soy blend.
INTRODUCTION
The prevalence of wasting, defined as a body mass index (BMI) <18.5, in adults with advanced HIV infection in sub-Saharan Africa is 20-40%. 1 2 Wasting can be the result of inadequate nutrient intake, either from anorexia or food insecurity associated with poverty, a catabolic state induced by opportunistic infection or malignancy, or poor absorption of nutrients secondary to diarrhoea and malabsorption. Because food insecurity is common in sub-Saharan Africa [3] [4] [5] and an adequate diet is believed to be important for adherence to antiretroviral therapy 6 7 supplementary feeding in conjunction with treatment is advocated as standard in the care of wasted adults with HIV in Malawi. In sub-Saharan Africa mortality during the first months of antiretroviral therapy settings is high, and a low BMI is an independent risk factor for this early mortality. 8 Supplementary feeding might therefore improve outcomes in patients receiving antiretroviral therapy because it ameliorates food insecurity. Evidence to support the effectiveness of this practice, however, is limited, and there have been no published controlled trials showing the benefit of such food supplementation in settings with limited resources, whether people are receiving antiretroviral therapy or not. 9 The most commonly available supplementary food in food aid programmes is corn-soy blended flour, an inexpensive fortified cereal-legume combination that requires cooking and has been widely used in Africa for decades. Corn-soy blend, however, has been associated with disappointing results in supplementary feeding programmes among children, pregnant women, and adults with HIV in sub-Saharan Africa. 10 11 In a recent study in urban Malawi among adults with late stage HIV infection who were not receiving antiretroviral therapy, corn-soy blend had no effect on mortality or clinical complications. 12 Specialised, energy dense ready-to-use fortified spreads have also been recommended for feeding wasted adults with HIV. This spread is a pre-cooked, energy dense, lipid paste made from peanuts that resists bacterial contamination. 13 A fortified spread has been formulated to deliver the same nutrients as the milk based therapeutic food F-100 for severely malnourished children, and its use has been associated with better outcomes in therapeutic and supplementary feeding of malnourished children with and without HIV. 14 15 We conducted a randomised, investigator blinded controlled supplementary feeding trial in Malawi to test the hypothesis that among wasted adults with HIV starting antiretroviral therapy, patients who receive the fortified spread for 14 weeks will have a greater increase in BMI and fat-free body mass than those receiving corn-soy blend.
METHODS

Participants and study site
Eligible participants were all adults aged 18 or over with HIV who met the eligibility criteria for antiretroviral therapy according to the Malawian national HIV treatment guidelines (WHO clinical stage III or IV or any WHO stage with a CD4 count <250/mm 3 ) and who were starting treatment with a BMI <18.5. Exclusion criteria were pregnancy and lactation or participation in another supplementary feeding programme. The study took place at the antiretroviral therapy clinic of Queen Elizabeth Central Hospital in Blantyre, Malawi, from January 2006 to April 2007.
Blantyre is the major commercial city of Malawi, with a population of 1 000 000 and an estimated HIV prevalence of 27% in adults in 2004. 16 Clinical care for adults at this clinic is provided by the department of medicine of the College of Medicine, University of Malawi. The only available first line antiretroviral therapy regimen is a generic, fixed dose combination of nevirapine, stavudine, and lamivudine. Routine prophylaxis with co-trimoxazole before and during antiretroviral therapy had not been fully implemented at the time of the study. It was approved as a standard treatment by the Ministry of Health in 2006, but the logistics to implement this policy were not in place until 2007.
Study design
This was a randomised, investigator blinded, controlled effectiveness trial of supplementary feeding with either corn-soy blend or fortified spread. Randomisation took place with sealed, unmarked opaque envelopes that were allocated to participants in an area separate from the research and treatment room by using block randomisation of 50 numbers. The envelopes contained a card with a unique number from 1 to 500. A designated staff member matched the number with the food assignment and dispensed the appropriate food during the intervention period. Participants were not blinded to the food assignment because the blended flour was distinct in appearance compared with the peanut paste. All the other staff members, including the clinicians managing the antiretroviral therapy programme and the nutritionist, were blinded to the dietary assignment. The food supplements were distributed monthly in conjunction with clinic follow-up visits, and each of the study participants remained within the group to which they were assigned for the duration of the study. Food supplements were started at the same time as antiretroviral therapy and given for a period of 14 weeks. Participants returned for follow-up two weeks after the start of the study and monthly thereafter.
Our primary outcomes were changes in the BMI and the fat-free body mass after 14 weeks. Secondary outcomes were nutritional status, defined as well nourished (BMI ≥18.5), moderately wasted (BMI 16-<18.5), severely wasted (BMI <16), death, alive/nutritional status unknown, and lost to follow-up. Additional secondary outcomes were quality of life, serum albumin concentration, haemoglobin concentration, CD4 count, HIV viral load, and adherence to antiretroviral therapy.
The sample size of 450 enabled detection of a difference in BMI and fat-free body mass of 0.5 kg between the two groups with 95% specificity and 80% power. We allowed for 15% attrition because of pregnancy, losses to follow-up, and death.
Study procedures
On enrolment, we obtained informed consent and demographic, clinical status, quality of life, and anthropometric measurements; measurements included weight, height, mid-upper arm circumference, waist circumference, and bioelectrical impedance. Participants had their bioelectrical impedance measured when they presented to the clinic for care, without regard to ambient conditions or the time of day. Those who seemed clinically ill were assumed to be at risk for dehydration, and a bioelectrical impedance measurement was not recorded.
Clinical officers supervised provision of antiretroviral therapy. Participants were subsequently seen at the clinic on four occasions during the study: after two, six, 10, and 14 weeks. During each visit trained study staff assessed clinical status, administered questionnaires on quality of life and adherence to antiretroviral therapy, and measured body weight, bioelectrical impedance, and waist and mid-upper arm circumferences. They collected information on quality of life with a locally adapted version of the 14 item CDC health related quality of life assessment. 17 Adherence to treatment was measured with a local, previously validated questionnaire that consisted of four questions: did you miss a tablet the day, week, month, or ever before. 18 Bioelectrical impedance measurements were done with the Quaatum 2000 device (RJL Systems, Clinton Township, Michigan). All measurements were carried out with standardised procedures.
Researchers took blood samples at enrolment and at 14 weeks to measure serum albumin concentration, haemoglobin concentration, CD4 count (FacsCount, Becton-Dickinson, Franklin Lakes, NJ, USA), and HIV viral load (Roche Amplicor; Roche, Basel. Switzerland; detection level 48 copies/ml).
Participants' diets on enrolment were assessed with a 24 hour dietary recall the day before enrolment. In addition, for each of the foods that the participants consumed the day before enrolment they were asked whether the foods were consumed daily, weekly, or monthly. Dietary intakes were assessed with three different methods: the total number of different foods consumed, whether animal products were consumed or not, and a 12 point dietary diversity score that has previously been validated and correlated with household food security. 19 Participants who failed to return for a scheduled clinic visit for antiretroviral therapy were visited at home within two months, and information regarding clinical status, compliance with treatment, and body weight and composition was collected. If the participant had died, the date and circumstances of death were ascertained by interviews with the closest relatives. Participants who could not be located were considered lost to follow-up.
After the supplementary feeding period ended social scientists from the University of Malawi, who were not involved in any other aspect of the study, led open ended focus group discussions to explore the use, acceptability, and sharing of the food supplements and to assess dietary compliance; groups averaged eight randomly selected study participants from both supplementary feeding groups. Table 1 shows the nutritional compositions of the two supplementary foods. Both supplementary foods provided the same level of energy because different amounts were used; the energy per unit higher in the fortified spread; neither provided amounts of micronutrients that significantly exceeded the estimated average requirement. The supplements were produced locally in accordance with international food safety specifications. The ready-to-use fortified spread was supplied in 245 g plastic bottles, and participants received one bottle a day. The amounts of each supplement given provided about 50% of the daily estimated average energy requirement, based on WHO nutritional guidelines that take into account that symptomatic adults with HIV/AIDS need 30% more energy than healthy individuals. 20 Both groups of participants were advised to consider the food supplements as part of their medical treatment and told that the food should not be shared with others.
Study foods
Statistical analysis
The data were doubly entered on an Excel database. We calculated fat-free body mass using the equations developed by Kotler et al for wasted adults with HIV. 21 These equations were used in our setting without validation. We calculated means and standard deviations for continuous parameters and used Fisher's exact test (two outcomes) or χ 2 test (three or more outcomes) to compare dichotomous variables between participants in each supplement group. We used Student's t test to compare continuous variables. P<0.05 was considered significant for all comparisons.
BMI was measured at four subsequent points after enrolment (after two, six, 10, and 14 weeks), so the participant's recovery was assessed during each of these four distinct time intervals. We calculated the rate of change in BMI during each of these intervals for each participant. To determine whether the rates of change in BMI during the 14 week feeding period differed between the two food groups, we compared the mean change in BMI during each interval for each food group using Student's t test. Weight gain ; when individuals are more wasted they regain weight faster, and as they approach a normal BMI, the rate of weight gain decreases. Given this, we used the mean values for change in BMI for each food group from this study to determine the shape of the BMI recovery curve, using an exponential modeling program (GraphPad Prism 3.03).
We assessed the association between death and demographic, anthropometric, and immunological characteristics by Cox regression modeling. The covariates considered were sex, age, type of supplementary food, receipt of co-trimoxazole, BMI, fat-free body mass, CD4 count, haemoglobin concentration, and albumin concentration at enrolment. Participants who were given co-trimoxazole as prophylaxis at any time during the study period were considered as having received it in the regression analysis. SPSS version 13.0 (Chicago, IL) statistical software was used.
Participants were stratified into thirds for the three different measures of dietary intake, and we compared the change in BMI for those receiving fortified spread and corn-soy blend between each third to determine whether supplementary feeding was more beneficial among participants with more food insecurity.
RESULTS
We enrolled 491 participants (97%) of all eligible individuals during the study period) (fig 1) . There were no significant differences in the demographic, anthropometric, or clinical characteristics between the two study groups at baseline (table 2). Seventeen (3.4%) participants were lost to follow-up, and 21 (4.3%) were known to be alive but missed their 3.5 month clinic visit and no anthropometric measurements were made. No adverse reactions to either food were reported.
After 14 weeks of nutritional intervention and antiretroviral therapy participants who received fortified spread had a greater increase in BMI, fat-free body mass, and mid-upper arm circumference than those who received corn-soy blend (table 3) . Fat-free mass contributed to 2.9 kg (51.8%) of the 5.6 kg weight gain in the fortified spread group and 2.2 kg (51.2%) of the 4.3 kg weight gain in the corn-soy blend group. There were no significant differences in survival, HIV viral load strata, CD4 count, or quality of life between the groups.
Mortality was high in both groups: 131 (27%) participants died within the first 14 weeks. Male sex, not receiving co-trimoxazole prophylaxis, and a lower BMI, haemoglobin, or albumin on enrolment were independent risk factors of death at 14 weeks (table 4) .
Self reported adherence to antiretroviral therapy was similar in both groups at each follow-up visit. Few participants reported missing a dose on the previous day (3/167 (1.8%) v 2/176 (1.2%), P=0.5) or at least one dose in the previous week (8/167 (4.8%) v 8/ 176 (4.5%), P=0.5) in the fortified spread and corn-soy blend groups, respectively.
Mathematical modelling of change in BMI between each measurement interval in each group showed that the coefficient in the exponential term in the two models was similar (fig 2) . Thus the rate of change in BMI decreased during the supplementation period (fig 2) , but the change in BMI was greater by a constant amount in the fortified spread group (0.045) compared with the corn-soy blend group throughout the entire supplementation period. Exponential decay models fit both datasets well (r 2 =0.98), although these datasets consist of only four points.
We examined outcomes in subgroups of participants stratified by the quality of their diet on enrolment and the type of supplementary feeding (table 5) . Neither corn-soy blend nor fortified spread affected any dietary subgroup differently; diet on enrolment had no effect on outcome or on the benefit of either supplement.
Ninety five participants attended 12 focus group discussion sessions; 42 of whom received fortified spread and 53 corn-soy blend. Both study food supplements were universally highly appreciated. Nearly all participants said that sharing of both food supplements by dependents and family members was common, although corn-soy blend was more likely to be shared because it needed preparation by caregivers before consumption.
DISCUSSION
In wasted patients starting antiretroviral therapy, food supplementation with ready-to-use fortified spread resulted in a greater increase in BMI, fat-free body mass, and mid-upper arm circumference than corn-soy blend after 14 weeks. There were, however, no differences observed in mortality, CD4 count, HIV suppression, adherence to antiretroviral therapy, or quality of life between the groups. Weight gain with supplementary feeding was considerable, resulting in gains of 10% and 13% of initial body mass for corn-soy blend and fortified spread, respectively.
Limitations and major findings Our study was limited in that food consumption was not observed in either of the groups, therefore we do not know the degree of adherence with the dietary recommendations. However, this was an effectiveness study, as opposed to an efficacy study, to determine which of the two supplementary foods leads to better outcomes when provided to patients in an operational setting with limited resources. The analysis of the change in BMI with time indicates that during every interval in the 14 weeks study period, participants receiving fortified spread gained more BMI than those receiving corn-soy blend. This suggests that fortified spread conferred a differential benefit to participants over corn-soy blend throughout the entire study period, rather simply in the first few weeks.
In Africa antiretroviral therapy, particularly regimens including stavudine, is associated with metabolic side effects such as lipodystrophy, dyslipidaemias, and insulin resistance in individuals with BMI ≥25.
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Ready-to-use fortified spread is a food with a high fat content. We chose to give the supplementary food for a short, fixed duration of 14 weeks, to avoid putting patients who would have recovered from their wasting at an increased risk of metabolic complications.
Fat-free mass contributed about the same fraction of the weight gain in each food group, suggesting that more of the fortified spread was consumed than cornsoy blend. Fortified spread might have promoted greater weight gain than corn-soy blend because of its higher energy density, thereby allowing adequate energy intake in patients with some degree of anorexia. In addition, the focus group discussions indicated that fortified spread was shared less often. Fortified spread is ready to be eaten, while corn-soy blend needs to be cooked. Food preparation for ill adults with HIV/ *P<0.05. †Enter mode used (that is, model includes all independent variable specified at onset) χ 2 =226, df=9, for model, P<0.001. ‡Exponentiated β coefficient corresponds to hazard ratio, which corresponds to factor by which chance of death increases with increase in 1 unit in independent variable. Hazard ratio <1 indicates that as independent variable decreases, risk of death increases. §Did not receive co-trimoxazole prophylaxis at any time during study period.
RESEARCH AIDS will often be done by relatives or dependents, a practice that might be more conducive to sharing of the supplementary food. Corn-soy blend is similar to components of the traditional diet, while fortified spread is regarded as a special supplement for patients, a medicinal food. This cultural view of supplementary foods might have encouraged greater sharing of corn-soy blend.
The habitual diets of the participants were poor; only 30% achieved a dietary diversity score of 4/12, indicating a high prevalence of food insecurity in this population. When we examined the change in BMI in subgroups of those deemed to have a better or worse diet, there were no differences in the response to the supplementary food observed (table 5) . Thus, we found no evidence that those with a worse diet would benefit more from an energy dense food than those with a better diet.
Comparisons of clinical outcomes with other studies Our findings are consistent with some previous observations of supplementary feeding with energy dense foods in people with HIV. Severely malnourished Malawian children with HIV who received fortified spread had greater weight-for-height improvement than those receiving corn-soy blend. 15 Adults with AIDS in urban Malawi given vegetable oil and cornsoy blend had greater improvement in BMI than those receiving corn-soy blend alone. 12 Findings from an antiretroviral therapy programme in rural Malawi that provided corn-soy blend as a supplementary food in 2003 and fortified spread in 2004 indicate that patients receiving fortified spread had greater weight gain (1.5 v 0.8 kg/month; P=0.04) (Kaliwo G. Use of RUTF in Thyolo district. CTC workshop, 25 June 2004, Lilongwe, Malawi). Our study is novel in that it provides evidence that an energy dense food is associated with improved recovery from wasting, though our results need confirmation in other populations with HIV.
Our data do not show a survival benefit associated with either of the supplementary foods. As the study was underpowered to detect differences in survival smaller than 5%, we might have failed to detect a small survival benefit during the intervention period. Furthermore, as low BMI is an independent risk factor for death, 8 24 25 surviving patients who received supplementary fortified spread, and who are more likely to have a higher BMI, might have a better prognosis as they continue antiretroviral therapy.
In our high risk study population we observed a mortality rate of 27% in the first 14 weeks of antiretroviral therapy. High early mortality rates are common in antiretroviral therapy programmes in subSaharan Africa. In a study from rural Malawi, the mortality rate in the first three months of antiretroviral therapy was 26% in patients with severe malnutrition. 8 In another rural district of Malawi the mortality was 14.6% among all patients in the first six months, and among those with BMI <18.5 the relative risk of death was 3.56. 24 The three month mortality among all patients starting antiretroviral therapy in studies from Senegal, Uganda, and Zambia was 7.6%, 6.4%, and 6.3%, respectively. Low BMI was identified as a risk factor of death in all three studies, increasing the risk of death by two to threefold. [25] [26] [27] The high mortality rate seen in our study highlights the importance of wasting as a risk factor for death in people with HIV starting antiretroviral therapy.
One difference between our study and the previous reports was the irregular availability of co-trimoxazole prophylaxis in Blantyre. A study from Malawi showed that co-trimoxazole prophylaxis can reduce early mortality during antiretroviral therapy, 28 and indeed the regression analysis in our study indicated that the absence of co-trimoxazole prophylaxis was a strong risk factor for death. This suggests that invasive bacterial infections might have been an important cause of mortality, an observation found in other studies of early mortality on antiretroviral therapy from subSaharan Africa. 27 29 30 The high mortality rate in our study might also have been because of undiagnosed opportunistic infections present at enrolment. Tuberculosis is highly prevalent in Malawi, often presents 31 At the start of treatment emaciated patients might benefit from more careful clinical screening for opportunistic infections, particularly tuberculosis. In addition, the effect of supplementary feeding on mortality might be more remarkable in a clinical setting where optimal management of opportunistic infections takes place.
The mean increase in CD4 count of 157 cells × 10 6 /l among surviving participants compares favourably with data in other reports from sub-Saharan Africa; similar increases were reported one year after starting antiretroviral therapy in Malawi and Zambia. 24 25 Cost comparisons The corn-soy blend provided in our study cost $5.40 (£3.58, €4.06) per patient per month, while fortified spread was three times as expensive at $16. The Malawian government obtains the first line antiretroviral therapy for $15 per patient per month. About a third of all adults starting antiretroviral therapy in Blantyre are wasted, so provision of supplementary food is a considerable expense. We did not measure the long term clinical benefits of supplementary feeding in this study. Formal cost benefit analyses are required to determine whether supplementary feeding strategies are cost effective when compared with other elements of clinical care given to those with HIV in sub-Saharan Africa.
We have shown that an energy dense supplement given to wasted adults starting antiretroviral therapy promotes better nutritional recovery in 14 weeks. Follow-up over a longer period of time is warranted to determine if the anthropometric benefits conferred by specialised energy dense supplements will lead to improved clinical outcomes.
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